CONTINUOUS DUAL TONE CONTROLLED SQUELCH SYSTEM 



BACKGROUND OF THE INVENTION 

5 [0001] This invention relates to continuous tone controlled squelch 
systems (CTCSS) and the tone frequency selection process. The new tone 
frequency selection system and method may increase the tone frequency 
channels available to a CTCSS system by use of a dual tone system in 
combination with the generally currently practiced single tone system. 

10 [0002] In some frequency modulation radio communication systems, a 
tone of radio frequency that may be below that which may be reproduced by a 
radio receiver in the voice band is transmitted to activate a selected receiver or 
receivers. This may be done to provide privacy and prevent undesired 
messages from being produced by other receivers during the transmission or 

15 may be used to squelch unwanted transmission reception by a receiver. For 
example, in a two-way radio system a continuous sub-audio, i.e., below 
approximately 300Hz, single frequency tone may be selected for transmission 
between the two parties that may be transmitted with the voice signal. The 
method that may be commonly referred to as CTCSS generates the continuous 

20 tone signal combined with the audio or voice signal to be transmitted from a 
sender to an intended receiver. The receiver may then process the voice signal 
once it has detected the correct tone signal. Signals received by the receiver 
that do not have the proper continuous tone signal will not be processed. In a 
continuous tone controlled squelch system the tones may normally be arranged 

25 in a frequency band well below 300Hz to reduce interference with any voice or 
audio signal transmitted. 

[0003] For general use audio transmission systems that may be referred to 
as family radio systems (FRS) there may have developed a de facto standard 
concerning the CTCSS frequency band and the number of channels or 
30 frequencies usable in such band. For many produced and sold transmitters and 
receivers the CTCSS band may be in the frequency range of approximately 67.0 



Hz to 250.3 Hz with individual or single tone frequencies selected to provide 38 
separate frequencies or channels. Such a frequency allocation may be 
represented by the following Table I. 



TABLE I 



Channel 


Frequency 




(Hz) 


1 


67.0 


2 


71.9 


3 


74.4 


4 


77.0 


5 


79.7 


6 


82.5 


7 


85.4 


8 


88.5 


9 


91.5 


10 


94.8 



Channel" 


Frequency 
(Hz) 


11 


97.4 


12 


100.0 


13 


103.5 


14 


107.2 


15 


110.9 | 


16 


114.8 


17 


118.8 


18 


123.0 


19 


127.3 


20 


131.8 



Channel 


Frequency 
(Hz) 


21 


136.5 


22 


141.3 


23 


146.2 


24 


151.4 I 


25 


156.7 


26 


162.2 


27 


167.9 


28 


173.8 


29 


179.9 


30 


186.2 



Channel 


Frequency 
(Hz) 


31 


192.8 


32 


203.5 


33 


210.7 


34 


218.1 


35 


225.7 


36 


233.6 


37 


241.8 


38 


250.3 



[0004] This type of frequency allocation may be chosen to provide as 
many channels as possible in the frequency band balanced with other 
considerations such as: maintaining adjacent frequency channel separation to 

10 minimize false detection or crosstalk; setting the lowest frequency channel at a 
high enough frequency for receiver response in a maximum detection time that 
may be recommended by the Electronic Industry Association (EIA); and setting 
the highest frequency channel at a low enough frequency to minimize 
interference with the transmitted voice or audio signal that may be limited by a 

15 voice band high pass filter characteristic. 

SUMMARY OF THE INVENTION 



[0005] The present invention is directed to a method that may use dual 
20 frequency tones to increase continuous tone controlled squelch system channel 
capacity in a frequency bandwidth of approximately 67 Hz to 251 Hz. Each 
frequency intermediate each adjacent frequency channel of an existing 
continuous tone controlled squelch system may be selected. Each frequency so 
selected that may be less than 100 Hz or greater than 200 Hz may then be 



2 



eliminated. Then all combinations of two of the frequencies remaining may be 
selected as dual frequency tones. 

[0006] These and other features, aspects and advantages of the present 
invention will become better understood with reference to the following drawings, 
5 description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Figure 1 illustrates a mapping of one of the dual frequency 
10 selection criteria according to an embodiment of the invention. 

DETAILED DESCRIPTION 

[0008] The following detailed description represents the best currently 
15 contemplated modes for carrying out the invention. The description is not to be 
taken in a limiting sense, but is made merely for the purpose of illustrating the 
general principles of the invention. 

[0009] The de facto CTCSS frequency band and channel allocation 
system may be modified to increase the available frequency allocations within 

20 the bandwidth and thereby increase the number of users of a particular radio 
communication system using a CTCSS process. The system may include 
transmission and detection of dual frequency tones that may be interleaved with 
the existing CTCSS current 38 channel system. Using a dual tone system and 
method may allow mC 2 channels where m is the maximum number of 

25 frequencies allowed in the CTCSS band and the equation is notation for the 
number of ways of selecting any combination of 2 numbers out of m numbers. 
False detection may be reduced due to the requirement to detect two tones 
instead of one. 

[0010] One process for allocation of frequency components in a 
30 continuous dual tone controlled squelch system (CDTCSS) for CTCSS 
bandwidth may be to maintain compatibility with existing CTCSS systems that 
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may only use the 38 frequency channels. This may be accomplished by using 
frequencies other than the 38 existing channels in a dual channel system. The 
dual tone frequencies may then be positioned between the 38 existing 
frequencies, for example, between channel 13 at 103.5 Hz and channel 14 at 
107.2 Hz a frequency tone of (103.5 + 107.2)/2 = 105.35 Hz may be selected. 
Using this method the available frequency for a dual tone made of operation may 
be a total of 37 frequencies as illustrated in Table II. 



TABLE II 



Original 


Original 


Available dual 


Channel 


Channel 


tone component 




Frequency 


for further 




(Hz) 


selection (Hz) 


1 


67.0 




2 


71.9 


69.45 | 


3 


74.4 


73.15 


4 


77.0 


75.70 


5 


79.7 


78.35 


6 


82.5 


81.10 


7 


85.4 


83.95 


8 


88.5 


86.95 


9 


91.5 


90.00 


10 


94.8 


93.15 


11 


97.4 


96.10 


12 


100.0 


98.70 


13 


103.5 


101.75 


14 


107.2 


105.35 


15 


110.9 


109.05 


16 


114.8 


112.85 


17 


118.8 


116.80 


18 


123.0 


120.90 


19 


127.3 


125.15 



Original 


Original 


Available dual 


Channel 


Channel 


tone component 




Frequency 


for further 




(Hz) 


selection (Hz) 


20 


131.8 


129.55 


21 


136.5 


134.15 


22 


141.3 


138.90 


23 


146.2 


143.75 


24 


151.4 


148.80 


25 


156.7 


154.05 


26 


162.2 


159.45 


27 


167.9 


165.05 


28 


173.8 


170.85 


29 


179.9 


176.85 


30 


186.2 


183.05 


31 


192.8 


189.50 


32 


203.5 


198.15 


33 


210.7 


207.10 


34 


218.1 


214.40 


35 


225.7 


221.90 


36 


233.6 


229.65 


37 


241.8 


237.70 


38 


250.3 


246.05 



[0011] Further modifications to the selection of frequencies for use in a 
dual tone system may be made to improve performance or minimize equipment 
costs. For example, to reduce long decoder response time events, frequencies 
below 100 Hz may not be used. To reduce the requirement for complex filter 
characteristics for a low pass filter for the CTCSS band and a high pass filter for 
the voice band, frequencies higher than 200 Hz may not be used. Using these 
criterion, the available frequencies for use in a dual tone mode of operation may 



begin at 105.35 Hz and end at 198.15 Hz. This may allow for use of 19 
frequencies as illustrated in Table III. 



Table III 



10 



15 





Available dual 
tone component 
(Hz) 




109.05 


n 


112.85 




116.80 


/ 4 


120.90 


/ 5 


125.15 


/« 


129.55 


fl 


134.15 




138.90 


n 


143.75 


flO 


148.80 


/n 


154.05 


/12 


159.45 


/13 


165.05 


/14 


170.85 


/15 


176.85 


/16 


183.05 


/17 


189.50 


/18 


198.15 



30 [0012] Generally, any combination of two frequencies from Table III may 
be used to define a two tone channel, i.e., there may be a total of 153 
combinations. However, to reduce the complexity of filter characteristic and 
requirements for band pass filters for filtering the dual tone components, a 
combination of dual tones may be selected to separate the two frequency 

35 combinations by at least 6 frequency steps as the frequency separation steps are 
presented in Table III. The selection or mapping of the two frequencies to 
present a dual tone frequency may be illustrated as in Figure 1. A total of 78 
frequency combinations may be structured. 

[0013] Using the above described criteria a CDTCSS system may be 
40 structured that may use the currently used CTCSS channels 1 through 38. Dual 
tone frequency channel numbers may begin at 39 and may be ordered as 



5 



prescribed by a particular user. Referring to Table IV, as an example, the lower 
number channels may use the relatively lower dual tone frequencies available, 
i.e., not use frequencies at 198.15 Hz for the high tone frequency, for the channel 
numbers 39 through 99. This may be useful for radio systems that may only 
5 have a two digit channel selection system. The designations A01 through A05 
for dual tone frequency channels may be used for baby or child monitoring 
applications as an example. 



Table IV 

10 



Channel 


Dual tone low group 


Dual tone high group 


Number 


frequency (Hz) 


frequency (Hz) 


39 


109.05 


134.15 


40 


109.05 


138.90 


41 


109.05 


143.75 


42 


109.05 


148.80 


43 


109.05 


154.05 


44 


109.05 


159.45 


45 


109.05 


165.05 


46 


109.05 


170.85 


47 


109.05 


176.85 


48 


109.05 


183.05 


49 


109.05 


189.50 


BOl 


109.05 


198.15 



Channel 


Dual tone low group 


Dual tone high group 


Number 


frequency (Hz) 


frequency (Hz) 


50 


112.85 


138.90 


51 


112.85 


143.75 


52 


112.85 


148.80 , 


53 


112.85 


154.05 


54 


112.85 


159.45 


55 


112.85 


165.05 


56 


112.85 


170.85 


57 


112.85 


176.85 


58 


112.85 


183.05 


59 


112.85 


189.50 


B02 


112.85 


198.15 




Channel 


Dual tone low group 


Dual tone high group 


Number 


frequency (Hz) 


frequency (Hz) 


60 


116.80 


143.75 


61 


116.80 


148.80 


62 


116.80 


154.05 


63 


116.80 


159.45 



6 



64 


116.80 


165.05 


65 


116.80 


170.85 


66 


116.80 


176.85 


67 


116.80 


183.05 


68 


116.80 


189.50 


B03 


116.80 


198.15 




Channel 


Dual tone low group 


Dual tone high group 


Number 


frequency (Hz) 


frequency (Hz) 


69 


120.90 


148.80 


70 


120.90 


154.05 


71 


120.90 


159.45 


72 


120.90 


165.05 


73 


120.90 


170.85 


74 


120.90 


176.85 


75 


120.90 


183.05 


76 


120.90 


189.50 


B04 


120.90 


198.15 



Channel 


Dual tone low group 


Dual tone high group 


Number 


frequency (Hz) 


frequency (Hz) 


77 


125.15 


154.05 


78 


125.15 


159.45 


79 


125.15 


165.05 


80 


125.15 


170.85 


81 


125.15 


176.85 


82 


125.15 


183.05 


83 


125.15 


189.50 


B05 


125.15 


198.15 
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Channel 


Dual tone low group 


Dual tone high group 


Number 


frequency (Hz) 


frequency (Hz) 


84 


129.55 


159.45 


85 


129.55 


165.05 


86 


129.55 


170.85 | 


87 


129.55 


176.85 


88 


129.55 


183.05 


89 


129.55 


189.50 


B06 


129.55 


198.15 




Channel 


Dual tone low group 


Dual tone high group 


Number 


frequency (Hz) 


frequency (Hz) 


90 


134.15 


165.05 


91 


134.15 


170.85 


92 


134.15 


176.85 


93 


134.15 


183.05 


94 


134.15 


189.50 


B07 


134.15 


198.15 




Channel 


Dual tone low group 


Dual tone high group 


Number 


frequency (Hz) 


frequency (Hz) 


95 


138.90 


170.85 


96 


138.90 


176.85 


97 


138.90 


183.05 



7 



98 


138.90 


189.50 


B08 


138.90 


198.15 




Channel 


Dual tone low group 


Dual tone high group 


Number 


frequency (Hz) 


frequency (Hz) 


99 


143.75 . 


176.85 


A01 


143.75 


183.05 


A02 


143.75 


189.50 


B09 


143.75 


198.15 



Channel 
Number 


Dual tone low group 
frequency (Hz) 


Dual tone high group 
frequency (Hz) 


A03 


148,80 


183.05 


A04 


148.80 


189.50 


B10 


148.80 


198.15 




Channel 
Number 


Dual tone low group 
frequency (Hz) 


Dual tone high group 
frequency (Hz) 


A05 


148.80 


189.50 


Bll 


148.80 


198.15 




Channel 
Number 


Dual tone low group 
frequency (Hz) 


Dual tone high group 
frequency (Hz) 


B12 


154.05 


198.15 



5 

[0014] While the invention has been particularly shown and described with 
respect to the illustrated embodiments thereof, it will be understood by those 
skilled in the art that the foregoing and other changes in form and details may be 
made therein without departing from the spirit and scope of the invention. 

10 



8 



